Abstract-In this paper, we present a novel method for personalizing the representative image selection using visual modeling and user statistics. For a given shared image album, a set of images that have the highest interest for a single user are determined. A personalized visual model is created using the given "interest set" to be able to select the most representative image(s) for that user from that album. The experiments show satisfactory performance in the task of representative image selection.
INTRODUCTION
Recent digital photo technology improvements along with the online social networks' growth have led to huge amount of digital multimedia during the last decades. People do collect photos into albums for themselves and for sharing with others to browse. Current photo browsing and sharing systems allow users to arrange their personal photos in albums. If the user wants to find certain photos, that usually requires him to drill down through the entire collection of photos, using the album / directory structure. This manual browsing may be tedious, and certainly it is not an efficient method for finding photos [7] , [8] . As an example of the size of the album search problem, Facebook is the largest on-line personal photo sharing network in the world with more than 3 billion photos being uploaded monthly 1 . Thus, there is an existing need to effectively summarize the personal albums for a quick browsing and search. Representative images are the most important key-stones for the efficient and quick browsing [3] . Representative image(s) will be a summary of the album's content and help the users to reminiscence the story of the album. They are selected in such a manner that by looking only to the representative images the user will get an understanding of the whole collection. It is usually possible to select a small set, say 1 to 4 representative images from any album, and 1 http://newsroom.fb.com/ get a good understanding of the album content seeing them only. The creator and the owner of the album can easily recall the story of the photos, or the experience by seeing just the representative photos from an album. There have been studies on how to automatically select representative photos from the photo sets [1] , [3] , [7] , [4] . The semantic meaning and the story of the album is an important factor for determining the most representative photos and thus it is a challenging task to analyze them automatically.
Previous studies on selecting representative photos (images) have not considered personalization. However, selection of representative images is a personal choice, and we expect that by utilizing user's previous choices we can make a better selection of representative images. The studies presented in this paper are based on the motivation of this idea of improvement. In this paper, a novel approach for selecting personalized representative image(s) is presented. The rest of the paper is organized as follows: Section-2 introduces the image summarization and selection methods of representative image in the literature, and Section-3 briefly discusses the proposed method and algorithms. Section-4 presents the experimental results. Finally, Section-5 concludes the paper along with some future remarks.
II. PERSONALIZED REPRESENTATIVE IMAGE SELECTION
Image browsing and searching of a large collection of photo albums is a time consuming task. It is something that needs to be done though, when looking for some specific image from ever growing collections of photos. Representative images are needed to help for quick and efficient search. Having a small set of representative images from each album will enable efficient browsing through albums, and getting an understanding of the content of albums. However, selecting representative images is subjective to the users. Users' personal views and interests need to be considered when selecting the most representative images.
Existing approaches try to solve representative image selection problem by eliminating the low quality images or by searching for photos with certain image content aspects like colorfulness or salient regions [4] . Datta [1] deals with the estimation of aesthetics in digital images. Sinha in [7] , introduces a system utilizing heterogeneous metadata associated with digital photos for generalized summary. They handle the summarization problem as a retrieval problem based on pre-defined queries.
Li in [3] , presents a summarization approach for image browsing, based on time stamps and image content. They also consider selecting the best representative image for the album. The selection criteria are time stamps of the photos and recognized faces on the photos. However, this approach has three important assumptions that cannot be applied for generic photo albums: First, the albums have the photos from the same events, which means they have time correlation. The album photos mostly have faces that can be detected by simple face detection methods. Finally, the album is browsed by the owner of the photos, thus representative image is selected for one user. Obrador in [7] studies a photo summarization system that learns some of the users' social context by analyzing their online photo albums, and includes storytelling principles, face and image aesthetic ranking. Chu and Lin [1] , studied selecting the best representative image and thumbnail for the albums by finding the near-duplicate images. One of the main assumptions is that the album should be taken in the same event, such as a trip. The method chooses only one image as a representative image for all users, thus it is not personalized approach.
Figure 1: A sample album with "food" content Figure 1 shows a sample album, where most interesting photos for a user are indicated with a circle. In most of the current implementations a representative image is selected from a given album, by picking the first image in time, or in file names (ordered alphabetically). The representative image in Figure 1 is indicated with dashed blue rectangle. If the albums were clustered by unsupervised clustering methods, the representative image would usually be the mean of the cluster. Each user's preferences are different on selecting the most interesting images within a specific set. Thus, selecting an arbitrary image from an alphabetical or time order may not catch users' attention. Representative image is the key-stone for understanding the content of an album quickly. Consequently, it should be selected based on subjective user perspective.
In this paper, we propose a novel approach for selecting the representative image(s) for shared albums based on each user's preferences. If the content of a shared album is constant and do not change, usually the selected representative image will be one of the most visited and seen image of each user. On the other hand, if the album is updated and more items are added, the representative image may change automatically depending on the visual attributes.
III. PROPOSED METHOD AND ALGORITHM
The proposed method studies the set of interesting images for each user, and selects a personalized best representative image that is close to the set of interesting images. The method constructs a visual model of the set for each user, where the set of "interesting" images are automatically selected by counting the number of clicks and duration of viewing for each image. The number of clicks and viewing durations show how many times that particular image has been viewed by the user and how long time has been spent on viewing. These metadata give an indication about user's personal perception and interests on the album.
Proposed method consists of three steps as illustrated in Figure 2 . In the first step, image album is indexed based on low-level visual features. 
IV. EXPERIMENTAL RESULTS
In the experiments, we utilized two image databases. The first dataset is a real-world image databases for evaluating the categorization accuracy of the proposed method. Parts of these test images were created by Nokia Social Camera application. Ground truth data was collected from a user study. Six persons used the Social Camera application and shared photos and albums during the experiments. Afterwards, they were asked to select three representative images for each album, which constructed the ground truth data for the experiments.
The second dataset is MIRFlickr database contains 25,000 images with 31 classes for evaluating the results of the proposed method [2] . We constructed a smaller database with 9 classes, where each class contains 100 images. The sample classes are: Portrait, food, car, baby, dog etc. The database was browsed by three MUVIS research team members [5] and each user chose three to five interesting images and three representative images for each album in order to construct the set of "interesting" images and ground truth for personalized representative image selection.
In the experiments, the following low-level color, shape, and texture features are used: YUV and HSV color histograms with 128-bins, Gray Level Co-Occurrence Matrix texture feature with parameter value 12, Canny Edge Histogram, and Dominant Color with 3 colors. The image albums were constructed by their categories given in the database. The results are illustrated in figures. Figure 4 shows the average experimenta shared albums in the user study. The resul comparing the selected representative imag the Social Camera application with autom images by proposed personalized method. Figure 4 , the proposed system is mostly s images that are also selected by the user. We presented a personalized representativ method based on visual modeling of u Users' statistics are utilized to find the m of photos for each album. The set of inter visually modeled for finding the be image(s) for a specific user and a specific evaluations of the users show that the p successfully selects the same images that by the users. The proposed representativ approach is independent from utilized lowprovides flexibility for using it in differ features. It may be applied on several type 
